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(54) Color display apparatus 

(57) A color display apparatus, such as a color liquid 
crystal display apparatus, is composed of a multiplicity 
of sub-pixels (6R,6G,6B) each designed for displaying 
one of a plurality (k) of mutually different mono-colors 
and arranged in rows and columns so as to form pixels 
each with a plurality of mutually adjacent sub-pixels. The 
sub-pixels and pixels are so arranged that a number n 



given by dividing a total number of sub-pixels arranged 
in a rowor column with a total number of pixels arranged 
in the row or column is set to satisfy: 1 < n < k, wherein 
k denotes the plurality of the mono-colors displayed by 
the sub-pixels. As a result, the pixel pitch can be re- 
duced to provide an increased display density and an 
improved display quality. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

[0001 ] The present invention relates to a color display 
apparatus for effecting multi-color display by combina- 
tion of ON/OFF of neighboring sub-pixels. 
[0002] Hitherto, various color display apparatus have 
been used, inclusive of a liquid crystal device (liquid 
crystal panel) aligned with a color filter and light-emitting 
device (LED). 

[0003] Figure 1 is a sectional view of an example of 
conventional liquid crystal panel structure. Referring to 
Figure 1 , a liquid crystal panel P1 includes a pair of mu- 
tually oppositely disposed substrates 1a and 1 b, which 
are applied to each other with a sealing member 2 to 
leave a gap that is filled with a liquid crystal 3. 
[0004] A surface of one substrate 1 a is provided with 
a multiplicity of stripe-shaped scanning electrodes 9a 
which are coated with an insulating film 10a and an 
alignment film 11a. 

[0005] A surface of the other substrate 1 b is provided 
with color filters or color filter segments 6 of three colors, 
i.e., R (red), G (green) and B (blue) arranged laterally, 
and these color filter segments 6 are coated with a pro- 
tective film 7. On the surface of the protective film 7, a 
multiplicity of stripe-shaped data electrodes 9b are 
formed and are further coated with an insulating film 1 0b 
and an alignment film 11b. 

[0006] For convenience of expression herein, charac- 
ters R, G and B are frequently used, including "R-color", 
"G-color" and "B-color" representing respective colors; 
"R", "G" and "B" representing characterization of re- 
spective sub-pixels; and "6R", "6G" and "6B" represent- 
ing color filters (or color filter segments) of respective 
colors. 

[0007] The above-mentioned scanning electrodes 9a 
and data electrodes 9b are disposed so as to intersect 
each other to form a matrix electrode structure, and 
color fi Iter segments 6R, 6G and 6B are respectively dis- 
posed one at each intersection of the electrodes so as 
to form sub-pixels R, G and B. 

[0008] Figure 2A is a schematic plan view for illustrat- 
ing an arrangement of sub-pixels R, G and B, scanning 
electrodes 9a and data electrodes 9b. As is understood 
from Figure 2A, three sub-pixels R, G and B are sequen- 
tially disposed along each scanning electrode 9a to form 
one pixel (as shown in Figure 2B). The scanning elec- 
trodes 9a and data electrodes 9b are connected with 
respective drivers according to the TCP (tape carrier 
package) scheme or by bare chip loading so as to re- 
ceive drive signals, whereby multi color display is effect- 
ed by various combinations of ON/OFF of the sub-pixels 
R, G and B exhibiting respective colors. 
[0009] Figures 2A and 2B show a pixel arrangement 
example wherein the sub-pixels R, G and B are respec- 
tively formed in a vertically elongated rectangular shape 
and form an almost square pixel in combination. How- 



ever, it is also known to form a pixel arrangement where- 
in sub-pixels R, G and B are respectively formed in a 
square shape as shown in Figure 11. 
[001 0] Known further pixel arrangements include one 
5 wherein four sub-pixels G, G, R and B are disposed as 
shown in Figure 1 2, and one wherein four sub-pixels R, 
G, B and W (white) are disposed as shown in Figure 1 3, 
which are inclusively called a quartet arrangement. The 
pixel arrangements shown in Figures 1 2 an 13 are good 
in vertical-lateral balance and can thus provide an ap- 
parently improved resolution. Further, the pixel arrange- 
ment shown in Figure 13 can provide a display of an 
improved luminance because of a high transmittance at 
the sub-pixel W. 

[0011] The display density of such a liquid crystal pan- 
el has generally been 80 - 1 00 dpi heretofore, but a high- 
er resolution is desired in order to clearly display Japa- 
nese letters, particularly Chinese characters, and a 
minute graphic expression as used in CAD (computer- 
aided designing). 

[0012] Some explanation will be made as to what a 
level of display density is desirable for a liquid crystal 
panel with reference to Figure 3. 

[0013] Figure 3 is a graph showing a visual resolution 
(capability of recognizing a contour), i.e., a relationship 
between a response value and a resolution (display 
density) of a panel in the case of reproducing pictures, 
such as texts, figures and photographic images. The re- 
sponse value is a measure of dot-recognizability so that 
a higher response value represents a clearer recogniz- 
ability of discrete dots in a picture and a lower response 
value represents a state where a picture is recognized 
as a continuous one. A solid line in Figure 3 represents 
a relationship in the case of observation of a picture or 
image depicted on a reflection-type object in a distinct 
vision distance of 25 cm. The solid line shows that in the 
case of a reflective object, a display density of ca. 100 
dpi provides a maximum response value so that individ- 
ual dots can be recognized most clearly, and the re- 
sponse value remarkably lowers at a display density of 
300 dpi or higher so that individual dots are hardly rec- 
ognized. Thus, it is understood that a display density of 
300 dpi or higher is required in order to provide a con- 
tinuously recognizable image or picture. In view of these 
factors, a commercially available printer or digital copy- 
ing machine is set to have a display density of 300 - 600 
dpi, or 600 - 1000 dpi for a special use. 
[0014] A similar relationship is found between a re- 
sponse value and a display density also in the case of 
a transmission-type object, such as a liquid crystal pan- 
el. However, as the distinct vision distance for a liquid 
crystal panel used as a monitor for a personal computer, 
a workstation, etc. is ordinarily 30-50 cm, it is estimated 
that the characteristic curve is shifted from the solid line 
curve to a lower-resolution side as represented by a 
dashed line in Figure 3. 

[0015] In view of such a dashed line-characteristic 
curve, it is estimated that a display density on the order 
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of 300 dpi is preferable for a liquid crystal panel, and a 
display density on the order of 600 dpi is preferable for 
a high-resolution type panel. 

[001 6] A higher display density of a liquid crystal panel 
can be realized by a smaller pixel pitch which in turn can 
be realized by a smaller electrode arrangement pitch. 
However, in view of the necessity of driver loading ac- 
cording to the TCP scheme or bare chip loading 
scheme, the electrode pitch has to be a certain value or 
larger, thus posing a limitation in increase of display den- 
sity. 

[001 7] For example, in order to dispose driver ICs ac- 
cording to the TCP scheme, an electrode pitch of at least 
ca. 60 |um is required, so that 180 ujti (i.e., three times 
the electrode pitch) is required as a minimum pixel pitch 
in the case of a pixel arrangement wherein three sub- 
pixels R, G and B are arranged in a row for one pixel as 
shown in Figure 2 or Figure 11 . By calculation, the min- 
imum pixel pitch provides ca. 140 dpi as an upper limit 
of display density. In the case of bare chip loading, an 
electrode pitch smaller than 60 jim is allowed, but still a 
certain limit is posed in providing an increased display 
density. 

[0018] A quartet arrangement as shown in Figure 12 
or Figure 1 3 allows a pixel pitch of ca. 120 |um which is 
smaller than that in the case of Figure 2 but is still insuf- 
ficient. Further, the arrangement shown in Figure 12 or 
Figure 1 3 uses a sub-pixel G or a sub-pixel W in addition 
to three sub-pixels of primary colors R, G and B, thus 
being accompanied with a difficulty of inferior color pu- 
rity. 

[0019] As another method of providing a higher dis- 
play density there is also known a so-called bothside 
loading scheme wherein driver ICs are disposed along 
a pair of mutually parallel edges of a liquid crystal panel. 
However, even by using this method, the display density 
can be increased to ca. two times at the most. 
[0020] Now, if the number of pixels arranged in the 
direction of extension of a scanning electrode 9a is de- 
noted by X and the number of pixels arranged in the di- 
rection of extension of a data electrode 9b is denoted 
by Y, the total number of data electrodes 9b is 3X and 
the total number of scanning electrodes 9a is Y, so that 
the driver ICs are required to have a number of channels 
which is equal to the total number N 0 (N 0 = 3X+Y) of the 
scanning electrodes 9a and the data electrodes 9b. On 
the other hand, it is desired to reduce the total number 
N 0 , in order to reduce the production cost and the prod- 
uct cost. 

[0021] Incidentally, the total number N 0 of scanning 
electrodes and data electrodes in the above-mentioned 
conventional structure is (1 ) 800 x 3 + 600 = 3000 for a 
SVGA panel, (2) 1200 x 3 + 1024 = 4864 for an SXGA 
panel and [(12x300)x3] + (9x300) = 13500 for a liquid 
crystal panel having a diagonal size of 1 5 inches, a ver- 
tical/lateral size ratio of 4/3 (i.e., a vertical size of 12 
inches and a lateral size of 9 inches) and a display den- 
sity of 300 dpi. 



SUMMARY OF THE INVENTION 

[0022] An object of the present invention is to provide 
a color display apparatus capable of realizing a high dis- 
5 play density. 

[0023] Another object of the present invention is to 
provide a color display apparatus providing a good color 
quality and little color irregularity and yet capable of pre- 
venting an increase in product cost or production cost. 
[0024] According to the present invention, in view of 
the above-mentioned circumstances, there is provided 
a color display apparatus comprising: a multiplicity of 
sub-pixels each designed for displaying one of a plural- 
ity (k) of mutually different mono-colors and arranged in 
rows and columns so as to form pixels each with a plu- 
rality of mutually adjacent sub-pixels, wherein the sub- 
pixels and pixels are so arranged that a number n given 
by dividing a total number of sub-pixels arranged in a 
row or column with a total number of pixels arranged in 
the row or column is set to satisfy: 1 < n < k, wherein k 
denotes the plurality of the mono-colors displayed by the 
sub-pixels. 

[0025] These and other objects, features and advan- 
tages of the present invention will become more appar- 
ent upon a consideration of the following description of 
the preferred embodiments of the present invention tak- 
en in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Figure 1 is a sectional view showing an exam- 
ple structure of a conventional liquid crystal panel. 
[0027] Figure 2A is a schematic view showing an ar- 
rangement of sub-pixels, scanning electrodes and data 
electrodes, and Figure 2B is a schematic view showing 
a relationship between sub-pixels and pixels. 
[0028] Figure 3 is a graph showing a relationship be- 
tween a visual response value (capability of recognizing 
contour) and a resolution (display density). 
[0029] Figure 4 is a sectional view of an embodiment 
of liquid crystal panel according to the invention. 
[0030] Figures 5A - 9A are schematic plan views each 
showing an arrangement of sub-pixels, scanning elec- 
trodes and data electrodes according to an embodiment 
of the invention; and Figures 5B - 9B are schematic plan 
views each showing a relationship between sub-pixels 
and pixels corresponding to Figures 5A - 9A, respective- 
ly. 

[0031] Figure 1 0 is a graph showing a relationship be- 
tween a total number N of scanning electrodes and data 
electrodes and a number n that is a quotient of a total 
number of data electrodes by a number of pixels ar- 
ranged along a direction of extension of a scanning elec- 
trode. 

[0032] Figures 11-13 are respectively a schematic 
plan view showing an example of conventional sub-pixel 
arrangement. 

[0033] Figures 14- 18 are schematic plan views each 



15 



20 



25 



30 



35 



40 



45 



50 



4 



5 



EP 0 899 604 A2 



6 



showing another pixel arrangement according to the in- 
vention. 

[0034] Figure 19 is a schematic sectional view of an 
embodiment of the color display apparatus according to 
the invention. 

[0035] Figures 20A - 20C, Figures 21 A - 21 C, Figures 
22A - 22C and Figures 23A - 23C are four sets of sche- 
matic plan views, each set illustrating an effect of an em- 
bodiment of the invention. 

[0036] Figure 24 is aschematic plan view showing still 
another pixel arrangement according to the invention. 
[0037] Figure 25 is a schematic block plan view show- 
ing a planar arrangement in a color display apparatus 
according to the invention. 

[0038] Figure 26 is a schematic sectional view of an 
embodiment of the color display apparatus according to 
the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0039] Some embodiments of the present invention 
will be described with reference to Figures 4-18 and 
Figure 24 wherein identical parts are denoted by iden- 
tical reference numerals or symbols and detailed de- 
scription thereof will be omitted. 

[0040] A color display apparatus P2 according to an 
embodiment of the present invention may comprise a 
multiple sets of sub-pixels R, G and B for displaying mu- 
tually different mono-colors, which are arranged in a plu- 
rality of vertical columns and a plurality of lateral or hor- 
izontal rows so as to form one pixel with a plurality (three 
in this embodiment) of neighboring sub-pixels adjacent 
to each other as a set, so as to effect a multi-color dis- 
play by various combinations of ON/OFF of the neigh- 
boring sub-pixels. Further, the sub-pixels are so ar- 
ranged that a quotient n obtained by driving a total 
number of sub-pixels arranged in a column or row by a 
total number of pixels arranged in the column or row will 
satisfy a relationship of 1 < n < k, wherein k denotes a 
number of colors of the sub-pixels. 
[0041] Such a color display apparatus P2 may for ex- 
ample be constituted by a light-emitting color LED or a 
color liquid crystal panel. 

[0042] For example ; as shown in Figure 4, a liquid 
crystal panel constituting the color display apparatus 
may comprise a pair of mutually oppositely disposed 
substrates la and 1 b, a liquid crystal 3 sandwiched be- 
tween the substrates 1 a and 1 b, a plurality of scanning 
electrodes 9a and a plurality of data electrodes 9b dis- 
posed on inner sides of the substrates 1 a and 1 b so as 
to intersect each other and a plurality of color filter seg- 
ments 6 each disposed at an intersection of the elec- 
trodes 9a and 9b so as to form one of the above-men- 
tioned sub-pixels R, G and B. A prescribed number 
(three in this embodiment) of intersections (sub-pixels 
R, G and B) may form one pixel. Generally, the value of 
the above-mentioned number n may be given by divid- 



ing the total number of data electrodes 9b by a number 
(X as described later) of pixels arranged in a direction 
along a scanning electrodes 9a, and the above-men- 
tioned number kmay be the number of colors of the color 
s filter segments 6. 

[0043] In this embodiment, the scanning electrodes 
9a and the data electrodes 9b are disposed on one and 
the other of the pair of substrates 1 a and 1 b, respective- 
ly, as shown in Figure 4. 

[0044] However, the scanning electrodes (or scan- 
ning signal lines) and the data electrodes (or data signal 
lines) may also be disposed on one substrate. Figures 
25 and 26 show an embodiment of such a device (panel) 
structure wherein scanning signal lines and data signal 
lines are formed on a single substrate. 
[0045] More specifically, Figure 25 is a schematic plan 
diagram showing another embodiment of color display 
apparatus according to the present invention. Referring 
to Figure 25, the color display apparatus includes a ma- 
trix of pixel electrodes 101, TFTs (thin film transistors) 
102, scanning signal lines 103, data signal lines 104, a 
scanning signal application circuit 105 and a data signal 
application circuit. This preferred embodiment of the 
present invention is an active matrix-type apparatus 
having an active element (or device) at each pixel. In 
this embodiment, as shown in Figure 25, a plurality of 
the pixel electrodes 101 are disposed in a matrix ar- 
rangement. Each pixel electrode 101 is provided with a 
TFT 102, of which a gate electrode is connected to a 
scanning signal line 103 and a source electrode is con- 
nected to a data signal line 104. A plurality of the scan- 
ning signal lines 103 and a plurality of the data signal 
lines 104 are arranged in a matrix form. The scanning 
signal lines 103 are sequentially supplied with a scan- 
ning selection signal (ON signal for TFT 102) from a 
scanning signal application circuit 105, and in synchro- 
nism with the scanning selection signal, data signals 
having prescribed gradation data are supplied to the pix- 
el electrodes 101 on selected data scanning lines 104 
to apply a prescribed voltage to an optical modulation 
layer of, e.g., a liquid crystal, thereby effecting a display 
at respective pixels. 

[0046] Figure 26 is a schematic sectional view show- 
ing a structure of one pixel of a TFT device as included 
in the display apparatus shown in Figure 25, each pixel 
of a TFT device is constituted by a substrate 1 1 1 having 
thereon a gate electrode 1 1 2, a gate insulating film 1 1 3, 
a semiconductor layer 1 1 4, an ohmic content layer 1 1 5, 
an insulating layer 116, a source electrode 117 ; a drain 
electrode 1 1 8, a passivation film 1 1 9, a retention capac- 
itance electrode 1 20 and an alignment film 1 21 ; another 
substrate 122 having thereon a common electrode 123 
and an alignment film 124; and a liquid crystal 125 dis- 
posed between the substrates 111 and 122. 
[0047] In the liquid crystal device of Figure 26, the 
substrate 111 may ordinarily comprise a transparent 
substrate, such as that of glass or plastic, in the case of 
a transmission type, and can comprise an opaque sub- 
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strate, such as a silicon substrate, in the case of a re- 
flection type. The pixel electrode 101 and the common 
electrode 123 both comprise a transparent conductor, 
such as ITO, in the case of a transmission type, but the 
pixel electrode 101 can be composed of a metal having 
a high reflection plate, in the case of a reflection type. 
The semiconductor layer 114 may generally comprise 
amorphous (a-)Si but may also preferably comprise 
polycrystalline (p-)Si. The ohmic contact layer 115 may 
for example comprise an n + a-Si layer. The gate insu- 
lating film 113 may for example comprise silicon nitride 
(SiN x ). The gate electrode 112, the source electrode 
117, the drain electrode 118, the retention capacitance 
electrode 120 and conductors may generally comprise 
a metal, such as Al (aluminum). The retention capaci- 
tance electrode 120 can comprise a transparent con- 
ductor, such as ITO (indium tin oxide) in some cases, 
where it is formed in a wide area. The insulating layer 
116 and the passivation film 119 may preferably com- 
prise an insulating film of silicon nitride, etc. The align- 
ment films 121 and 124 may comprise a material which 
may be selected depending on the liquid crystal and/or 
the mode of drive thereof, e.g., a rubbed film of a poly- 
mer, such as polyimide or polyamide, e.g., in the case 
of homogeneous alignment of a smectic liquid crystal. 
[0048] As for the liquid crystal, it is possible to suitably 
use a smectic liquid crystal having a spontaneous po- 
larization, e.g., an anti-ferroelectric liquid crystal having 
no threshold (TAFLC) to effect a good gradational dis- 
play. More specifically, TAFLC is an anti-ferroelectric liq- 
uid crystal exhibiting a transmittance which varies con- 
tinuously in response to a change of applied voltage, 
thus not having a clear threshold. Accordingly, by con- 
trolling the voltage applied to the liquid crystal, the trans- 
mittance can be varied continuously. 
[0049] In addition to the above, it is also possible to 
use a nematic liquid crystal in the OCB (Optically Com- 
pensated Bend) mode, wherein liquid crystal molecules 
are disposed to have a pretilt angle with respect to the 
substrate boundaries and aligned in parallel with a nor- 
mal to the substrates at a mid point along the normal 
between the substrates, thus exhibiting a bent align- 
ment state. For providing a liquid crystal device accord- 
ing to the OCB mode, the pair of substrates are provided 
with homogeneous alignment films so that their rubbing 
directions are parallel or substantially parallel to each 
other whereby the liquid crystal molecules are aligned 
to assume a splay alignment wherein the liquid crystal 
molecules are aligned to assume a pretilt angle with re- 
spect to the substrate boundaries and aligned in parallel 
with the rubbing direction (or in a direction which is an 
average rubbing direction in case where the rubbing di- 
rections for the substrates intersect each other). When 
a prescribed bending voltage is applied to the liquid 
crystal layer in this alignment state, liquid crystal mole- 
cules are realigned to be parallel to the substrate normal 
at a mid position of the liquid crystal layer along the sub- 
strate normal and gradually approach the pretilt angle 



at positions closer to the substrate boundaries, thus 
forming a bend alignment state. The bend alignment 
state can be retained at a holding voltage that is lower 
than the above-mentioned bending voltage, and if a pre- 

5 scribed voltage higher than the holding voltage is ap- 
plied to the liquid layer, the liquid crystal molecules are 
realigned to be parallel to the substrate normal in a ma- 
jor portion except for the vicinity of the substrate bound- 
aries. The response speed for the change between the 

10 alignment state and the bend alignment state is fast, and 
also intermediate states can be allowed, so that a gra- 
dational display can be effected by changing the applied 
voltage while setting the holding voltage to a lower volt- 
age side. 

15 [0050] In the present invention, it is also possible to 
use a liquid crystal according to the conventional TN 
mode, an anti-ferroelectric liquid crystal showing three 
stable states, a DHF (Deformed Helix Ferroelectric) liq- 
uid crystal, as desired, in addition to the above-men- 

20 tioned OCB mode. 

[0051] In the above-described embodiment, TFTs are 
used as active devices, but two-terminal devices ; such 
as Ml Ms may also be used. 

[0052] In a preferred embodiment, the number (k) of 

25 sub-pixel colors may be set to 3 of R, G and B, so that 
the above-defined number n satisfies 1 < n < 3. 
[0053] In this case, the color filter 6 may be composed 
of color filter segments of three colors of R, G and B. 
[0054] More specifically, sub-pixels R, G and B may 

30 be arranged as shown in any one of Figures 5 - 9. 

[0055] Figures 5A and 5B show an embodiment of n 
= 2, wherein for adjacent 3 scanning electrodes (a first 
scanning electrode 9a n , a second scanning electrode 
9a n+1 and a third scanning electrode 9a n+2 ), first and 

35 second color filter segments 6R and 6G are alternately 
disposed along the first scanning electrode 9a n , third 
and first color filter segments 6B and 6R are alternately 
disposed along the second scanning electrode 9a n+1 , 
and second nd third color filter segments 6G and 6B are 

40 alternately disposed along the third scanning electrode 
9a n+1 . Further, one pixel is composed of first and second 
color filter segments 6R and 6G along the first scanning 
electrode 9a n and a third color filter segment 6B along 
the second scanning electrode 9a n+1 , and another one 

45 pixel is composed of a first color filter segment 6R along 
the second scanning electrode 9a n+1 and second and 
third color filter segments 6G and 6B along the third 
scanning electrode 9a n+2 . 

[0056] Figures 6A and 6B show an embodiment of n 
50 =3/2, wherein for adjacent 2 scanning electrodes (a first 
scanning electrode 9a n and a second scanning elec- 
trode 9a n+1 ), first to third color filter segments 6R, 6G 
and 6B are disposed sequentially along the first scan- 
ning electrode 9a n , and third, first and second color filter 
55 segments 6B, 6R and 6G are disposed in this order 
along the second scanning electrode 9a n+1 , a third color 
filter segment 6B along the second scanning electrode 
9a n+1 is made adjacent to one of first and second color 
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filter segments 6R and 6G along the first scanning elec- 
trode 9a n so that these three color filter segment are 
caused to constitute one pixel; and a third color filter 
segment 6B along the first scanning electrode 9a n and 
first and second color filter segments 6R and 6G are 
caused to constitute another one pixel. 
[0057] Further, Figures 7 A and 7B show an embodi- 
ment of n = 2, wherein for adjacent 2 scanning elec- 
trodes (a first scanning electrode 9a n and a second 
scanning electrode 9a n+1 ), first and second color filter 
segment 6R and 6G are alternately disposed along the 
first scanning electrode 9a n , and third color filter seg- 
ments 6B are disposed in succession along the second 
scanning electrode 9a n+1 , so that one pixel is composed 
of a pair of first and second color filter segments 6R and 
6G and two third color filter segments 6B. 
[0058] Further, Figures 8A and 8B show an embodi- 
ment of n = 2, wherein for adjacent 3 scanning elec- 
trodes (a first scanning electrode 9a n , a second scan- 
ning electrode 9a n+1 and a third scanning electrode 
9a n+2 ), first to third color filter segments 6G, 6B and 6R 
are disposed in this order along each of the respective 
scanning electrodes 9a n , 9a n+1 and 9a n+2 , and in the 
order of the first color filter segment 6G, the third color 
filter segment 6R and the second color filter segment 
6B, along each of the data electrodes 9b n , 9b n+1 and 
9b n+2 , so that color filter segments of each color are ar- 
ranged in an oblique direction, and one pixel is com- 
posed of each of the following sets: 
[0059] first and second color filter segments 6G and 
6B disposed along the first scanning electrode 9a n , and 
a third color filter segment 6R disposed along the sec- 
ond scanning electrode 9a n+1 ; 

[0060] third and first color filter segment 6R and 6G 
disposed along the first scanning electrode 9a n , and a 
second color filter segment 6B disposed along the sec- 
ond scanning electrode 9a n+1 ; 

a first color filter segment 6G disposed along the 
second scanning electrode 9a n+1 , and second and 
third color filter segments disposed along the third 
scanning electrode 9a n+2 ; and 
a third color filter segment 6R disposed along the 
second scanning electrode 9a n+1 , and first and sec- 
ond color filter segments 6G and 6B disposed along 
the third scanning electrode 9a n+2 . 

[0061] Further, Figures 9A and 9B show an embodi- 
ment of n = 2, wherein for adjacent 3 scanning elec- 
trodes (a first scanning electrode 9a n , a second scan- 
ning electrode 9a n+1 , and a third scanning electrode 
9a n+2 ), first and second color filter segments 6R and 6G 
are alternately disposed along the first scanning elec- 
trode 9a n , third color filters 6B are arranged in succes- 
sion along the second scanning electrode 9a n+1 , and 
first and second color filter segments 6R an 6G are 
again alternately disposed along the third scanning 
electrode 9a n+1 , so that one pixel is constituted by each 



of a set of first and second color filter segments 6R and 
6G disposed along the first scanning electrode 9a n , and 
a third color filter segment 6B disposed along the sec- 
ond scanning electrode 9a n+1 , and 
5 [0062] a set of a third color filter segment 6B, and first 
and second color filter segments 6R and 6G disposed 
along the third scanning electrode 9a n+2 . 
[0063] In each of the above-mentioned embodiments, 
it is preferred that the number X of pixels disposed along 
a scanning electrode 9a, and the number Y of pixels dis- 
posed along a data electrode 9b, satisfy the relationship 
of: Y/X < n < 3. 

[0064] Further, the number n may be set to close to a 
value of (3Y/X) 1/2 . 

[0065] It is also preferred to use a liquid crystal show- 
ing ferroelectricity as the liquid crystal 3. 
[0066] On the other hand, it is also possible to adopt 
sub-pixel arrangements as shown in Figures 14 to 16 
and Figure 24 ; wherein sub-pixels are arranged in three 
columns as a unit; a first column is composed of first- 
color and second-color sub-pixels disposed alternately; 
a second column is composed of third-color sub-pixels; 
and a third column is composed first-color and second- 
color sub-pixels disposed alternately; so that one pixel 
is composed by a set of first -color and second-color sub- 
pixels in the first column and a third-color sub-pixel in 
the second column, and also by a set of a third color 
sub-pixel in the second column and first-color and sec- 
ond-color sub-pixels in the third column. 
[0067] Figure 14 shows an embodiment wherein the 
first color is green (G), the second color is blue (B) and 
the third color is red (R); Figure 15 shows an embodi- 
ment wherein the first color is G, the second color is R 
and the third color is B; Figure 1 6 shows an embodiment 
wherein the first color is B, the second color is R and the 
third color is G; and Figure 24 shows an embodiment 
wherein the first color is B, the second color is G and 
the third color is R. 

[0068] On the other hand, Figure 17 shows an em- 
bodiment including three adjacent columns as a unit, 
wherein a first column is composed of first-color and 
second-color sub-pixels disposed alternately; a second 
column is composed of second-color and third-color 
sub-pixels disposed alternately; and a third column is 
composed of third-color and first-color sub-pixels dis- 
posed alternately; so that one pixel is composed of first- 
color and second-color sub-pixels in the first column and 
a third-color sub-pixel in the second column, and anoth- 
er one pixel is composed of a second-color sub-pixel in 
the second column and third-color and first-color sub- 
pixels in the third column. In Figure 17, the first color is 
green (G) ; the second color is red (R) and the third color 
is blue (B). 

[0069] Figure 1 8 shows an embodiment including ad- 
jacent three columns as a unit, wherein a first column is 
composed of first-color to third-color sub-pixels dis- 
posed in third order, a second column is composed of 
first-color to third-color sub-pixels disposed in this order 
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while the first-color sub-pixel therein is disposed adja- 
cent to the third-color sub-pixel in the first column, and 
a third column is composed of first-color to third-color 
sub-pixels disposed again in this order while the first- 
color sub-pixel therein is disposed adjacent to the third- 
color sub-pixel in the second column; so that one pixel 
is composed of (2i-1)th and (2i)th sub-pixels in the first 
column and a (2i)th sub-pixel in the second column, and 
another one pixel is composed of a (2i-1 )th sub-pixel in 
the second column and (2i-1)th and (2i)th sub-pixel in 
the third column. In Figure 18, the first color is G, the 
second color is R and the third color is B. 
[0070] In the above-described embodiments, it is pre- 
ferred that the first-color to third-color sub-pixels, R, G 
and B are formed in substantially equal shapes and ar- 
eas and disposed in substantially equal spacings. 
[0071] Herein, the substantially equal shapes mean 
that the largest vertical/lateral ratio for the three-color 
sub-pixels do not differ by more than 1 0 %. Similarly, the 
substantially equal areas mean, that the largest area 
and the smallest area, respectively for the three-color 
sub-pixels, do not differ by more than 1 0 %. Further, the 
equal spacings mean that the three-color sub-pixels are 
arranged vertically and laterally with equal spacings, 
and the substantially equal spacings mean that a devi- 
ation in these spacings does not exceed 10 %, prefera- 
bly 5 %. 

[0072] It is also preferred that three-color sub-pixels 
forming one pixel are arranged so that their centers 
(each at an intersection of two diagonal lines in case of 
a rectangular sub-pixel) form a triangle of which the larg- 
est side and the smallest side provide a ratio therebe- 
tween of at most 1 .5. For example, in the embodiment 
of Figure 14, three sub-pixels G ; B and R forming one 
pixel at the upper-left corner are so arranged that their 
enters form a substantially isoscales right-angled trian- 
gle of which the largest side (formed by connecting the 
centers of sub-pixels G and R) and the smallest side 
(formed by connecting the centers of sub-pixels B and 
R) provide a ratio therebetween of nearly J2 = ca. 1.41 
< 1.5. 

[0073] The effects of the above-described embodi- 
ments are as follows. 

[0074] In the above-described embodiments, with re- 
spect to the number k of colors of sub-pixels or color 
filter segments, the number n obtained by dividing the 
total number of sub-pixels arranged in a row or column 
with the number of pixels arranged in the row or column, 
is set to satisfy 1 < n < k, preferably 1 < n < 3 for k = 3, 
whereby the minimum pixel pitch can be decreased 
compared with the conventional value, and accordingly 
the upper limit of the display density can be increased. 
For example, in the case of using a driver IC of the TCP- 
type, the minimum electrode pitch is generally on the 
order of ca. 60 \irc\ as mentioned above, the minimum 
pitch becomes ca. 120 jum, i.e., twice the electrode 
pitch, in the case of n = 2, which corresponds to the up- 
per limit display density of ca. 21 dpi, which is a higher 



display density than the conventional level. For similar 
reason, a higher display density becomes possible also 
in the case of bare chip loading. 

[0075] If the number n is set to be smaller along a 
5 scanning electrode 9a, the pixel-pitch along a scanning 
electrode becomes smaller but the pixel pitch along a 
data electrode reversely becomes larger. Accordingly, 
in order to realize a practically higher display density, 
the number n has to be determined in view of harmoni- 
se zation of both pixel pitches. Hereinbelow, a manner of 
determining n giving a maximum display density in case 
of k = 3 will be described. 

[0076] If the number n is given by driving the total 
number of data electrodes 9b with the number (X) of pix- 
els arranged in a direction along a scanning electrode 
9a, a number given by dividing the total number of scan- 
ning electrodes 9a with number (Y) of pixels disposed 
along a data electrode 9b becomes 3/n. Accordingly, if 
the minimum spacing for disposing a driver IC is denot- 
ed by "S" (= ca. 60 ujti in case of using driver ICs ac- 
cording to the TCP scheme), one pixel pitch (disposed 
along a scanning electrode 9a) becomes n x S, and the 
other pixel pitch (disposed along a data electrode 9b) 
becomes (3/n) x S. Accordingly, the upper limit display 
density along a scanning electrode 9a becomes 
25.4x1 0 3 /nS, and the upper limit display density along 
a data electrode 9b becomes 25.4x1 0 3 /[(3/n)S]. As the 
practically highest display densities is given when these 
upper limit display density are equal to each other, the 
condition is reduced to n = 3/n, thus n = ca. 1 .7. 
[0077] Incidentally, if the number of electrodes (scan- 
ning electrodes or gate electrodes) is increased in order 
to minimize the difference between the pixel pitch along 
a scanning electrode 9a and the pixel pitch along a data 
electrode 9b as described above, the picture quality is 
liable to be inferior in the case of an STN-type liquid crys- 
tal device ; or it is necessary to lower the resistivity of a 
gate electrode in the case of a TFT-type liquid crystal 
device, but a liquid crystal device using a ferroelectric 
liquid crystal having bistability is free from such difficul- 
ties. 

[0078] On the other hand, in case where the number 
n is set to satisfy (Y/X) < n < 3, the total number of scan- 
ning electrodes and data electrodes can be reduced 
than the conventional value, and the total number of 
driver IC channels can be reduced correspondingly, 
thus reducing the product cost and the production cost. 
This is explained with reference to Figure 10. 
[0079] Figure 1 0 is a graph showing a relationship be- 
tween N (total number of scanning electrodes 9a and 
data electrodes 9b) and n (value obtained by dividing 
the total number of data electrodes 9b with a number of 
pixels disposed along a scanning electrode 9a, repre- 
sented by a formula of N = nX + (3/n)Y corresponding 
to a solid curve in Figure 10. 

[0080] In a conventional liquid crystal panel, n is 3 so 
that the total number (N 0 ) of electrodes is given by N 0 
= 3X + Y. 
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[0081] Now, another value of n giving the total elec- 
trode number N 0 may be obtained from a relationship of: 

N 0 = 3X + Y = nX + (3/n)Y. 

This gives n = Y/X. 

[0082] Accordingly, from the solid curve shown in Fig- 
ure 10, the number n satisfing Y/X < n < 3 gives a total 
number of electrodes N smaller than N 0 . 
[0083] Further, if n is set to satisfy n = ca. (3Y/X) 1/2 , 
the total number of electrodes, i.e., driver IC channels, 
can be minimized. This relationship is derived as fol- 
lows. 

[0084] The total number N of scanning electrodes and 
data electrodes is given by the following formula: 

N = nX + (3/n)Y. 

The number n giving a minimum of N may be determined 
by a differential of the above formula with n, i.e., 

(dN/dn) = X - (3/n 2 )Y = 0. 

Thus, (dN/dn) = 0 is given by the number n satisfying n 
= ca. (3Y/X) 1/2 . 

[0085] From this equation, a number n giving a mini- 
mum of total number of electrodes in the case of X = 
1280 and Y = 1024 may be determined as 

n = ca. 3x1024/1280 = ca. 1.55. 

[0086] Next, a manner of determining sub-pixel ar- 
rangement giving a minimum total number N of elec- 
trodes (i.e., n = ca. 1 .55), will be described. 
[0087] In the case of n = ca. 1.55, a number m ob- 
tained by dividing the total number of scanning elec- 
trodes 9a by a number of pixels disposed along a data 
electrode 9b is given by: 

m = 3/n = ca. 3/1.55 = ca. 1.94. 

[0088] Now, in case of forming a x a pixels with a 
number n' of data electrodes 9b and a number of m' of 
scanning electrodes 9a (a, n 1 and m 1 are all natural num- 
bers), the number of sub-pixels are given by 3 x a x a = 
n' x m'. 

[0089] The above-mentioned numbers n and m (not 
limited to natural numbers) correspond to n 1 and m' for 
a = 1 , and therefore: 

3x 1 x 1 = n x m. 



Accordingly, the following relationship is given: 
n':m' = n:m = ca 1.55:1.94. 

5 

As natural numbers n' and m' satisfying this relationship, 
the following values may be determined: n 1 = ca. 3 and 
m' = ca. 4. 

[0090] Also from these values, a number of a = 2 may 
10 be given, so that the total number of electrodes N may 
be given in case where 4 pixels of vertically 2 x laterally 
2 are composed of 4 scanning electrodes 9a and 3 data 
electrodes 9b. 

[0091] On the other hand, if a color filter 6 is com- 
15 posed of color filter segments of three primary colors R, 
G and B, a color display apparatus of a better color purity 
can be obtained than in the case where a color filter seg- 
ment in addition to such color filter segments of three 
primary colors is included (as in the case of Figures 12 
20 and 13). 

[0092] Further, if the sub-pixels R, G and B are formed 
in substantial equal areas and disposed at substantially 
equal spacings, the vertical and lateral display densities 
become almost equal, thus giving a good picture quality. 
25 [0093] [Examples] 
[0094] (Example 1) 

[0095] In this Example, one pixel requires 2 data elec- 
trodes 9b (n = 2) so as to satisfy 1 < n < 3, while 3/2 
scanning electrodes 9a are required for one pixel. 

30 [0096] More specifically, as shown in Figure 5A, for 
adjacent 3 scanning electrodes (a first scanning elec- 
trode 9a n , a second scanning electrode 9a n+1 and a third 
scanning electrode 9a n+2 ), first-color and second-color 
color filter segments 6R and 6G are alternately disposed 

35 along the first scanning electrode 9a n ; third-color and 
first-color color filter segments 6B and 6R are alternately 
disposed along the second scanning electrode 9a n+1 ; 
and second-color and third-color color filter segments 
6G and 6B are alternately disposed along the third scan- 

40 ning electrode 9a n+2 ; so that as shown in Figure 5B, one 
pixel is first-color and second-color color filter segments 
6R and 6G along the first scanning electrode the first 
scanning electrode 9a n , and a third-color color filter seg- 
ment 6B along the second scanning electrode 9a n+1 , 

45 and another one pixel is composed of a first-color color 
filter segment 6R along the second scanning electrode 
9a n+1 , and second color and third-color color filter seg- 
ments 6G and 6B along the third scanning electrode 
9a n+2 . Consequently, 4 pixels are formed by 4 data elec- 

50 trodes 9b and 3 scanning electrodes 9a in this Example. 
[0097] On the other hand, a liquid crystal panel has a 
diagonal size of 15 inches with a vertical/lateral ratio of 
4/3 (a vertical size of 12 inches and a lateral size of 9 
inches) and has a display density of 300 dpi. According- 

55 |y, the number (X) of pixels arranged along a scanning 
electrode 9a is X = 12x300 = 3600, and the number (Y) 
of pixel along a data electrode 9b is Y = 9x300 = 2700, 
thus satisfying a relationship of Y/X < n < 3. 
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[0098] In this Example, as described in detail above 
regarding the embodiments, the pixel pitch can be re- 
duced than a conventional value, thus allowing an in- 
creased upper limit of display density (e.g. , up to ca. 210 
dpi in case of using driver ICs of TCP-type). Incidentally, 
the display density can be further increased up to 420 
dpi if both side loading is adopted. 
[0099] Further, as the total number (N) of driver IC 
channels can be reduced, the product and production 
costs can be reduced correspondingly. More specifical- 
ly, 

N = 3600 x 2 + 2700 x 3/2 



= 7200 + 4050 = 11250. 

This is substantially smaller than a conventional value 
of 13500. 

[0100] (Example 2) 

[0101] In this Example, one pixel requires 3/2 data 
electrodes 9b (n = 3/2), satisfying 1 < n < 3, and also 2 
scanning electrodes 9a. 

[0102] More specifically, as shown in Figure 6A, first- 
color to third-color color filter segments 6R, 6G and 6B 
are disposed in this order along the first scanning elec- 
trode 9a n on the second scanning electrode 9b n+1 , re- 
spectively, but with one color filter segment shifted along 
the second scanning electrode 9a n+1 , so that the third 
color filter segment 6B along the second scanning elec- 
trode 9a n+1 is disposed adjacent to the first color filter 
segment 6R along the first scanning electrode 9a n ; 
whereby as shown in Figure 6B, one pixel is composed 
of first color and second-color color filter segments 6R 
and 6G along the first scanning electrode 9a n and a 
third-color color filter segment 6B along the second 
scanning electrode 9a n+1 , and another one pixel is com- 
posed of a third-color color filter segment 6B along the 
first scanning electrode 9a n and first-color and second- 
color color filter segments 6R and 6G along the second 
scanning electrode 9a n+1 . Consequently, 4 pixels are 
formed by 3 data electrodes 9b and 4 scanning elec- 
trodes 9a in this Example. 

[01 03] On the other hand, a liquid crystal panel is de- 
signed to have a diagonal size of 15 inches with a ver- 
tical/lateral ratio of 4/3 (a vertical size of 1 2 inches and 
a lateral size of 9 inches) are has a display density of 
300 dpi. Accordingly, the number (X) of pixels arranged 
along a scanning electrode 9a is X = 12x300 = 3600, 
and the number (Y) of pixel along a data electrode 9b is 
Y = 9x300 = 2700, thus satisfying a relationship of Y/X 
< n < 3. 

[0104] In this Example, as described in detail above 
regarding the embodiments, the pixel pitch can be re- 
duced than a conventional value, thus allowing an in- 
creased upper limit of display density (e.g. , up to ca. 21 0 
dpi in case of using driver ICs of TCP-type). Incidentally, 



the display density can be further increased up to 420 
dpi if both side loading is adopted. 
[0105] Further, as the total number (N) of driver IC 
channels can be reduced, the product and production 
s costs can be reduced correspondingly. More specifical- 
ly, 

N = 3600 x 3/2 + 2700 x 2 

10 

= 5400 + 5400 = 10800. 

This is substantially smaller than a conventional value 
15 of 13500. 

[0106] Thus, in this Example, as n is set at 1 .5 which 
is close to (3Y/X) = (3x2700/3600) 1/2 = 1.5, the total 
number of electrodes and therefore also the total 
number of driver IC channels can be minimized. (Exam- 
20 pie 3) 

[01 07] In this Example, one pixel requires 2 data elec- 
trodes 9b (n = 3/2), satisfying 1 < n < 3, and also 2 scan- 
ning electrodes 9a. 

[0108] More specifically, as shown in Figure 7A, first- 
25 color and second-color color filter segments 6R and 6G 
are disposed alternately along a first scanning electrode 
9a n , and third-color color filter segments and disposed 
in succession along a second scanning electrode 9a n+1 , 
while the third-color color filter segments 6B are de- 
30 signed to have an area which is a half that of each of 
the first-color and second-color color filter segments 6R 
and6G. Further, one pixel is composed of first-color and 
second-color color filter segments 6R and 6G and two 
third-color colorfiltersegments6B. Consequently, 4pix- 
35 els are formed by 4 data electrodes 9b and 4 scanning 
electrodes 9a in this Example. 

[0109] On the other hand, a liquid crystal panel is de- 
signed to have a diagonal size of 15 inches with a ver- 
tical/lateral ratio of 4/3 (a vertical size of 12 inches and 

40 a lateral size of 9 inches) are has a display density of 
300 dpi. Accordingly, the number (X) of pixels arranged 
along a scanning electrode 9a is X = 12x300 = 3600, 
and the number (Y) of pixel along a data electrode 9b is 
Y = 9x300 = 2700, thus satisfying a relationship of Y/X 

45 < n < 3. 

[0110] In this Example, as described in detail above 
regarding the embodiments, the pixel pitch can be re- 
duced than a conventional value, thus allowing an in- 
creased upper limit of display density (e.g., uptoca. 210 

50 dpi in case of using driver ICs of TCP-type). Incidentally, 
the display density can be further increased up to 420 
dpi if both side loading is adopted. 
[0111] Further, as the total number (N) of driver IC 
channels can be reduced, the product and production 

55 costs can be reduced correspondingly. More specifical- 
ly, 



10 



17 



EP 0 899 604 A2 



18 



N = 3600 x 2 + 2700 x 2 



= 7200 + 5400 = 12600. 

This is substantially smaller than a conventional value 
of 13500. 

[0112] Further, in this Example, each pixel is formed 
in a shape close to a square, so that it is possible to 
obtain a liquid crystal panel rich in color reproducibility. 
[0113] (Example 4) 

[0114] In this Example, a liquid crystal panel P3 hav- 
ing a sectional structure as shown in Figure 19 is used 
to constitute a color display apparatus. More specifical- 
ly the liquid crystal panel P3 comprises a glass sub- 
strate 1 a provided with transparent scanning electrodes 
9a, a glass substrate 1b provided with transparent data 
electrodes 9b, a pair of alignment films (not shown) coat- 
ing the electrodes 9a and 9b, respectively, and a liquid 
crystal 3 sandwiched between the substrates 1 a and 1 b 
disposed with a prescribed gap therebetween held by 
spacers 21 . Further, the resultant cell structure is sand- 
wiched between a pair of polarizers 20. 
[0115] The liquid crystal panel is provided with a sub- 
pixel arrangement as shown in Figure 14 and described 
hereinbelow. 

[0116] In this Example, sub-pixels are disposed in 
three columns as a unit, wherein 

sub-pixels of G (1 st color) and B (2nd color) are dis- 
posed alternately in a first column, 
sub-pixels of R (3rd color) are disposed in succes- 
sion in a second column, and 
sub-pixels of G (1 st color) and B (2nd color) are dis- 
posed alternately in a third column, so that 
one pixel is composed of sub-pixels of G and B in 
the first column, and a sub-pixel of R in the second 
column, and 

another one pixel is composed of a sub-pixel of R 
in the second column, and sub-pixels of G and B in 
the third column. Further, the sub-pixel arrange- 
ment is repeated with such three columns as a unit. 

[0117] As a result of the above-described arrange- 
ment, the above-defined value n becomes 2 satisfying 
1 < n < k = 3. Further, in this Example, the sub-pixels R, 
G and B are designed to have substantially equal areas 
and be arranged in substantially equal spacings. 
[0118] In this Example, as the sub-pixels are com- 
posed of three primary colors of R, G and B, it is possible 
to obtain a liquid crystal panel of better color purity than 
in the case of including a sub-pixel of another color (as 
in Figure 13). 

[0119] Further, as the sub-pixels of R, G and B have 
substantially equal areas and are arranged with sub- 
stantially equal spacings, the display density in a vertical 
direction is substantially equal to that in a lateral direc- 



tion, thus providing a good picture quality. 
[0120] Further, in this Example, the pixel pitch can be 
decreased compared with the conventional value, and 
the total number of driver IC channels can be reduced, 
s thus allowing a reduction in product cost and production 
cost. 

[0121] This Example is also effective in reducing lu- 
minance irregularity as will be described below with ref- 
erence to Figures 20A to 20C. 
10 [0122] In a display panel having a resolution on the 
order of 280 dpi, a difference in luminance between col- 
umns is not recognizable by human eyes, even if such 
a difference in luminance (i.e., a value obtained by di- 
viding atotal of luminance at sub-pixels in a column with 
the number of the sub-pixels in the column) is present 
between columns and a repetition of bright and dark is 
present, unless rows or columns of almost equal lumi- 
nance are present in succession (e.g., a succession of 
columns or rows of bright sub-pixels or darksub-pixels). 
On the other hand, in case where rows or columns of 
sub-pixels of substantially equal luminances are present 
in succession along with another row or column of sub- 
pixels showing a substantially different luminance, the 
luminance difference can be recognized as a color ir- 
regularity (or color line) by human eyes, thus resulting 
in an inferior picture quality. 

[0123] Figures 20A and 20B respectively show a re- 
lationship of luminances for the respective columns and 
disposition of sub-pixels R, G and B in case where all 
the sub-pixels are turned on, under the condition that 
the sub-pixels of R, G and B show relative luminances 
(i.e., relative transmittances through respective color fil- 
ter segments) of 20:50:10. In the illustrated arrange- 
ment, respective rows show a repetition of brightness 
and darkness (a repetition of luminance levels of 37 and 
1 7 for Figure 20A and a repetition of 23 and 30 for Figure 
20B) row by row and without a succession of rows of 
equal brightness, so that the difference in luminance lev- 
el between rows is not recognizable. However, vertically 
arranged columns include a succession of columns of 
equal luminance (two columns of luminance of 35 in Fig- 
ure 20A and two columns of luminance of 15 in Figure 
20B), and provides a large difference in luminance from 
that in an adjacent column (i.e., 35 - 10 = 15 in Figure 
20A and 50 - 15 = 35 in Figure 20B), the luminance dif- 
ference can be recognized as a color irregularity (color 
line), thus resulting in inferior picture quality. 
[01 24] In contrast thereto, in the case of this Example 
illustrated in Figure 20C, the respective rows show a 
repetition of relative luminances of 40 and 13 which 
however do not appear in succession, so that the lumi- 
nance difference is free from recognition with human 
eyes. Further, the respective rows include a succession 
of two columns of luminance at 30, but a difference in 
luminance from an adjacent row is as small as 30 - 20 
= 10, so that the luminance difference is free from rec- 
ognition with human eyes. 

[0125] A further effect of this Example regarding pic- 
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ture quality will be described with reference to Figures 
21 to 23. 

[0126] In case of ordinary picture display all pixels 
may be turned on in some opportunity or frequently. Fig- 
ure 21 A illustrates a state of "white display" by turning 
on all the sub-pixels of all the pixels, and Figure 21 B 
shows a state of "green display" by turning on only the 
green sub-pixels of all the pixels. 
[0127] On the other hand, in the case of a halftone 
display, a reduced number of pixels may be turned on. 
Figure 20C illustrates a green display state wherein 
turned-on pixels and turned-off pixels are alternately 
disposed, like a checker pattern. 
[0128] In this Example, in any of the display patterns 
shown in Figures 21 A - 21 C, it is possible to obviate the 
occurrence of luminance irregularity (fringe irregularity 
or linear irregularity), thus maintaining a good picture 
quality. This effect can be attained also in the case of a 
halftone display according to the dither scheme. 
[0129] In contrast thereto, in the case of a sub-pixel 
pattern shown in Figure 22A, if turned-on pixels and 
turned-off pixels are disposed alternately in a checker 
pattern as shown in Figure 22C, brighter rows and dark- 
er row are disposed every two other rows, so that the 
brighter two rows can be recognized as lateral fringes, 
thus resulting in an inferior picture quality. Incidentally 
Figure 20B shows a full green display state by turning 
on only the green sub-pixels of all the pixels. 
[0130] On the other hand, in the case of a sub-pixel 
pattern shown in Figure 23A, if turned-on pixels and 
turned-off pixels are disposed alternately like a checker 
pattern, as shown in Figure 23B ; a sparsely lighted re- 
gion D wherein only 2 rows among 6 rows are turned 
on, and a densely lighted region L wherein 4 rows 
among 6 rows are turned on, are present alternately, so 
that the region L is recognized as a brighter lateral 
fringe, thus resulting in an inferior picture quality. 
[0131] (Examples) 

[0132] A sub-pixel pattern including threee columns 
as a unit as shown in Figure 15 is adopted; wherein 

sub-pixels of G (1 st color) and R (2nd color) are dis- 
posed alternately in a first column, 
sub-pixels of B (3rd color) are disposed in succes- 
sion in a second column, and 
sub-pixels of G (1st color) and R (second color) are 
disposed alternately in a third column, so that 
one pixel is composed of sub-pixels of G and R in 
the first column, and a sub-pixel of B in the second 
column, and 

another one pixel is composed of a sub-pixel of B 
in the second column, and sub-pixels of G and R in 
the third column. 

[01 33] Other structures are similar to those in Exam- 
ple 4, and similar effects as in Example 4 may be at- 
tained. 

[0134] (Example 6) 



[01 35] A sub-pixel pattern including these columns as 
a unit as shown in Figure 16 is adopted, wherein 

sub-pixels of B (1 st color) and R (2nd color) are dis- 

s posed alternately in a first column, 

sub-pixels of G (3rd color) are disposed in succes- 
sion in a second column, and 
sub-pixels of B (1st color) and R (second color) are 
disposed alternately in a third column, so that 

10 one pixel is composed of sub-pixels of B and R in 
the first column, and a sub-pixel of G in the second 
column, and 

another one pixel is composed of a sub-pixel of G 
in the second column, and sub-pixels of B and R in 
is the third column. 

[0136] Other structures are similar to those in Exam- 
ple 4, and similar effects as in Example 4 may be at- 
tained. 
20 [0137] (Example 7) 

[01 38] A sub-pixel pattern including these columns as 
a unit as shown in Figure 1 5 is adopted, wherein 

sub-pixels of G (1 st color) and R (2nd color) are dis- 

25 posed alternately in a first column, 

sub-pixels of R (2nd color) and B (3rd color) are dis- 
posed alternately in a second column, and 
sub-pixels of B (3rd color) and G (1st color) are dis- 
posed alternately in a third column, so that 

30 one pixel is composed of sub-pixels of G and R in 
the first column, and a sub-pixel of B in the second 
column, and 

another one pixel is composed of a sub-pixel of R 
in the second column, and sub-pixels of B and G in 
35 the third column. 

[0139] Other structures are similar to those in Exam- 
ple 4, and similar effects as in Example 4 may be at- 
tained. 
40 [0140] (Example 8) 

[01 41] A sub-pixel pattern including these columns as 
a unit as shown in Figure 18 is adopted, wherein 

sub-pixels of G (1st color), R (2nd color) and B (3rd 
45 color) are arranged in this order in a first column, 
sub-pixels of G, R and B are arranged in this order 
in a second column so that the sub-pixels of G (1st 
color) therein are disposed adjacent to the sub-pix- 
els of B (3rd color) in the first column, and 
50 sub-pixels of G, R and B are arranged in this order 
in a third column so that the sub-pixels of G (1st 
color) therein are disposed adjacent to the sub-pix- 
els of B (3rd color) in the second column, whereby 
one pixel is composed of (2i-1 )th and (2i)th sub-pix- 
55 els in the first column, and a (2i)th sub-pixel in the 
second column, and 

another one pixel is composed of a (2i-1 )th sub-pix- 
el in the second column, and (2i-1 )th and (2i)th sub- 



12 



21 



EP 0 899 604 A2 



22 



pixels in the third column, for each i (i = natural 
number). 

[01 42] Other structures are similar to those in Exam- 
ple 4, and similar effects as in Example 4 may be at- 
tained. 

[0143] As described above, according to the present 
invention, there is provided a color display apparatus in- 
cluding a multiplicity of sub-pixels each designed for dis- 
playing one of a plurality (k) of mutually different mono- 
colors and arranged in rows and columns so as to form 
pixels each with a plurality of mutually adjacent sub-pix- 
els, wherein the sub-pixels and pixels are so arranged 
that a number n given by dividing a total number of sub- 
pixels arranged in a row or column with a total number 
of pixels arranged in the row or column is set to satisfy: 
1 < n < k, wherein k denotes the plurality of the mono- 
colors displayed by the sub-pixels. 
[01 44] As a result, the minimum pixel pitch can be de- 
creased compared with the conventional value, thus be- 
ing able to increase the upper limit of the display density. 
[0145] Incidentally, if the number of electrodes (scan- 
ning electrodes or gate electrodes) is increased in order 
to minimize the difference between the pixel pitch along 
a scanning electrode 9a and the pixel pitch along a data 
electrode 9b as described above, the picture quality is 
liable to be inferior in the case of an STN-type liquid crys- 
tal device, or it is necessary to lower the resistivity of a 
gate electrode in the case of a TFT-type liquid crystal 
device, but a liquid crystal device using a ferroelectric 
liquid crystal having bistability is free from such difficul- 
ties. 

[0146] On the other hand, in case where the number 
n is set to satisfy (Y/X) < n < 3, the total number of scan- 
ning electrodes and data electrodes can be reduced 
than the conventional value, and the total number of 
driver IC channels can be reduced correspondingly, 
thus reducing the product cost and the production cost. 
[0147] Further, if n is set to satisfy n = ca. (3Y/X) 1/2 , 
the total number of electrodes, i.e., driver IC channels, 
can be minimized. 

[0148] Further, if the sub-pixels are composed of 
three primary colors of R, G and B, it is possible to obtain 
a liquid crystal panel of better color purity than in the 
case of including a sub-pixel of another color (as in Fig- 
ure 13). 

[0149] Further, if the sub-pixels of R, G and B have 
substantially equal areas and are arranged with sub- 
stantially equal spacings, the display density in a vertical 
direction is substantially equal to that in a lateral direc- 
tion, thus providing a good picture quality. 



Claims 

1 . A color display apparatus comprising: a multiplicity 
of sub-pixels each designed for displaying one of a 
plurality (k) of mutually different mono-colors and 



arranged in rows and columns so as to form pixels 
each with a plurality of mutually adjacent sub-pixels, 
wherein the sub-pixels and pixels are so arranged 
that a number n given by dividing a total number of 
s sub-pixels arranged in a row or column with a total 
number of pixels arranged in the row or column is 
set to satisfy: 1 < n < k, wherein k denotes the plu- 
rality of the mono-colors displayed by the sub-pix- 
els. 

10 

2. A color display apparatus according to Claim 1, 
wherein the plurality (k) of mono-colors displayed 
by the sub-pixels is 3, and the number n satisfies: 
1 < n < 3. 

15 

3. A color display apparatus according to Claim 1, 
wherein a number X of the pixels are arranged in a 
row and a number Y of the pixels are arranged in a 
column so as to satisfy: Y/X < n < 3. 

20 

4. A color display apparatus according to Claim 3, 
wherein the number n is set to be substantially 
equal to (3Y/X) 1/2 . 

25 5. a color display apparatus according to Claim 2, 
comprising a pair of oppositely disposed sub- 
strates, a liquid crystal disposed between the sub- 
strates, a plurality of scanning electrodes, and a plu- 
rality of data electrodes intersecting the scanning 

30 electrodes so as to have one color filer segment for 
constituting the sub-pixel at each intersection of the 
scanning electrodes and the data electrodes, 
wherein the number n is given by dividing a total 
number of the data electrodes with a number of pix- 

35 els arranged in a direction along a scanning elec- 
trode. 

6. A color display apparatus according to Claim 5, 
wherein the scanning electrodes are formed on one 

40 of the pair of substrates, and the data electrodes 
are formed on the other substrate. 

7. A color display apparatus according to Claim 5, 
wherein the sub-pixels and pixels are disposed 

45 along three scanning electrodes as a unit including 
first to third scanning electrodes, such that 

sub-pixels of first and second colors are alter- 
nately disposed along the first scanning elec- 
so trode, 

sub-pixels of third and first colors are alternate- 
ly disposed along the second scanning elec- 
trode, and 

sub-pixels of second and third colors are alter- 
55 nately disposed along the third scanning elec- 

trode, whereby 

one pixel is composed of sub-pixels of the first 
and second colors along the first scanning elec- 
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trode and a sub-pixel of the third color along the 
second scanning electrode, and 
another one pixel is composed of a sub-pixel of 
the first color along the second scanning elec- 
trode and sub-pixels of the second and third s 
colors along the third scanning electrode. 



third and first colors along the third scanning 
electrode ; and 

a sub-pixel of the first color along the second 
scanning electrode and sub-pixels of the sec- 
ond and third colors along the third scanning 
electrode. 



8. A color display apparatus according to Claim 5, 
wherein the sub-pixels and pixels are disposed 
along two scanning electrodes as a unit including 10 
first and second scanning electrodes, such that 



10. A color display apparatus according to Claim 5, 
wherein the sub-pixels and pixels are disposed 
along three scanning electrodes as a unit including 
first to third scanning electrodes, such that 



sub-pixels of first to third colors are disposed in 
this order along the first scanning electrode, 
and is 
sub-pixels of the first to third colors are dis- 
posed in this order along the second scanning 
electrode so that the sub-pixels of the third 
color along the second scanning electrode are 
disposed adjacent to the sub-pixels of the first 20 
or second color along the first scanning elec- 
trode, whereby 

one pixel is composed of sub-pixels of the first 
and second colors along the first scanning elec- 
trode, and a sub-pixel of the third color along 25 
the second scanning electrode, and 
another one pixel is composed of a sub-pixel of 
the third color along the first scanning electrode 
and sub-pixels of the first and second colors 
along the second scanning electrode. 30 

9. A color display apparatus according to Claim 5, 
wherein the sub-pixels and pixels are disposed 
along three scanning electrodes as a unit including 
first to third scanning electrodes such that 35 

sub-pixels of first to third colors are disposed in 
this order both along a scanning electrode and 
along a data electrode, so that one pixel is 
formed by each one of following groups of sub- 40 
pixels, 

sub-pixels of the first and second colors along 
the first scanning electrode and a sub-pixel of 
the third color along the second scanning elec- 
trode, 45 
sub-pixels of the third and first color along the 
first scanning electrode and a sub-pixel of the 
second color along the second scanning elec- 
trode, 

sub-pixels of second and third colors along the so 
first scanning electrode, and a sub-pixel of the 
first color along the second scanning electrode, 
a sub-pixel of the third color along the second 
scanning electrode and sub-pixels of the first 
and second colors along the third scanning 55 
electrode, 

a sub-pixel of the second color along the sec- 
ond scanning electrode and sub-pixels of the 



sub-pixels of the first and second colors are al- 
ternately disposed along the first scanning 
electrode, 

sub-pixels of the second color are disposed in 
succession along the second scanning elec- 
trode, and 

sub-pixels of the first and second colors are al- 
ternately disposed along the third scanning 
electrode, so that 

one pixel is composed of sub-pixels of the first 
and second colors along the first scanning elec- 
trode, and a sub-pixel of the third color along 
the second scanning electrode, and 
another one pixel is composed of a sub-pixel of 
the third color along the second scanning elec- 
trode and sub-pixels of the first and second 
colors along the third scanning electrode. 

11. A color display apparatus according to any one of 
Claims 5 to 1 0, wherein the sub-pixels of the first to 
third colors are sub-pixels of three primary colors of 
R, G and B. 

12. A color display apparatus according to any of 
Claims 2 to 1 0, wherein said liquid crystal is a liquid 
crystal showing ferroelectricity. 

13. A color display apparatus according to Claim 1, 
wherein the pixels are composed of sub-pixels ar- 
ranged in three adjacent columns as a unit including 
first to third columns, 

sub-pixels of the first and second colors are al- 
ternately disposed in the first column, 
sub-pixels of the third color are disposed in suc- 
cession in the second column, 
sub-pixels of the first and second colors are al- 
ternately disposed in the third column, so that 
one pixel is composed of sub-pixels of the first 
and second colors in the first column and a sub- 
pixel of the third color in the second column, 
and 

another one pixel is composed of a sub-pixel of 
the third color in the second column and sub- 
pixels of the first and second colors in the third 
column. 
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14. A color display apparatus according to Claim 13, 
wherein said first, second and third colors are 
green, blue and red, respectively. 

15. A color display apparatus according to Claim 13, 
wherein said first, second and third colors are 
green, red and blue, respectively. 

16. A color display apparatus according to Claim 13, 
wherein said first, second and third colors are blue, 
red and green, respectively. 

17. A color display apparatus according to Claim 1, 
wherein the pixels are composed of sub-pixels ar- 
ranged in three adjacent columns as a unit including 
first to third columns, 

sub-pixels of the first and second colors are al- 
ternately disposed in the first column, 
sub-pixels of the second and third colors are 
alternately disposed in the second column, 
sub-pixels of the third and first colors are alter- 
nately disposed in the third column, so that 
one pixel is composed of sub-pixels of the first 
and second colors in the first column and a sub- 
pixel of the third color in the second column, 
and 

another one pixel is composed ot a sub-pixel of 
the second color in the second column and sub- 
pixels of the third and first colors in the third col- 
umn. 

18. A color display apparatus according to Claim 17, 
wherein said first, second and third colors are 
green, red and blue, respectively. 

19. A color display apparatus according to Claim 1, 
wherein the pixels are composed of sub-pixels ar- 
ranged in three adjacent columns as a unit including 
first to third columns, 

sub-pixels of the first and second colors are dis- 
posed in this order in the first column, 
sub-pixels of the first to third colors are dis- 
posed in this order in the second column so that 
the sub-pixels of the first color therein are dis- 
posed adjacent to the sub-pixels of the third 
color in the first column, 
sub-pixels of the first to third colors are dis- 
posed in this order in the third column so that 
the sub-pixels of the first color therein are dis- 
posed adjacent to the sub-pixels of the third 
color in the second column, 
one pixel is composed of (2i-1 )th and (2i)th sub- 
pixels in the first column and a (2i)th sub-pixel 
in the second column, and 
another one pixel is composed of a (2i-1 )th sub- 
pixel in the second column and (2i-1 )th and (2i) 



th sub-pixels in the third column, for each i (i = 
a natural number). 

20. A color display apparatus according to Claim 19, 
s wherein said first, second and third colors are 

green, red and blue, respectively. 

21. A color display apparatus according to any of 
Claims 1 3 to 20, wherein the sub-pixels of the first 

10 to third colors are formed in substantially equal ar- 
eas and disposed at substantially equal spacings. 

22. A color display apparatus according to any of 
Claims 1 3 to 20, wherein the sub-pixels of the first 

is to third colors forming one pixel are arranged so that 
their centers form a triangle of which the largest side 
and the smallest side provide a ratio therebetween 
of at most 1.5. 

20 23. A colour display apparatus having sub-pixels for 
displaying individual colours arranged in rows and 
columns and combinable in groups to form pixels 
formed from sub-pixels that extend over more than 
one row and more than one column, adjacent pixels 
25 overlapping with the sub-pixels of one group of pix- 
els in one of the rows or columns alternating with 
the sub-pixels of another set of pixels. 

24. A colour display apparatus having sub-pixels for 
30 displaying individual colours arranged in rows and 
columns and combinable in groups to form pixels 
formed from sub-pixels that extend over more than 
one row and more than one column, wherein one 
colour is defined by sub-pixels extending across 
35 more than one row or column and are of reduced 
length along the column or row compared to the 
sub-pixels for other colours. 
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